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'The  Effect  of  Adding  Spiral 
Reinforcing  to  Longitudinally  Reinforced  Columns. 


Introduction 

The  pur-Qse  of  these  tests  was  to  study  tiie 
effect  of  ridding-  spiral  steel  to  longitudinally  rein- 
forced c  olurnns .   Two  c  olu  ..ins  wo  re  tested,  o  n .  v.ith  ve  r- 
tical  reinforced  steel,  and   tae  other  reinforced  with 
spiral  and  vertical  steel.   Both  columns  were  inade 
v^ith  a  Tsrotective  shell  an  inch  thick  on  the  outside 
of  the  steel.   V/hile  tliis  ;;iade  it  difficult  to  study 
the  distrioution  of  stress  in  the  concrete  and  rein- 
forcing steel,  usefull  information  was  obtniaed  in  re- 
gard to  the  behavior  of  xhis  sliell.   Tiie  work  on  col- 
umns was   done  in  the  mechanical  laboratory,  the  verti- 
cal reinforced  column  being  tnade  inside  and  the  other 
or  s^Diral,  outside.   The  cement,  sand  and  stone  tests 
were  made  in  the  cement  laboratory  a:.d  the  different 
strength  tests  made  in  the  laboratory  of  tiie  ..lain 
building. 


Materials 


Materials. 

Cement;-  Chicago   portland  cernent   from  the 
local  market    atio  used  in  the   tests.      Table  I   gives  tlio 
tensile   strength  of   neat  and  1:3   i.iortor   orique'-tes 
tested  at   7   n:id   2d  days. 


Table  I 


Briquettes 
K'uinber 

'Jltii/iate   '■strength,    ibs/in~ 

Ago   7   days 

Age   28  days 

Neat 

1:3  Llortar 

Meat 

1:3  :.'.ortar 

1 

430/^ 

340;/ 

llljj 

450?:^ 

2 

AbOj': 

319# 

703// 

425/^ 

Average 

443# 

329.5/' 

74C^; 

437.  Sjf 

Sieve  Analysis  of  Cement. 
200  grams  of  dried  cement,  taken  from  four 
bags  and  thoroughly  mixed,  v.'ore  placed  in  xne  testing 
sieve  agitntor  tmd  operated  for  ten  minutes,  the  fol- 
lov.'ing  results  being  obtained, 


Tn  b] 

.e   II 

J:   of   Giove 

rrn.ns    retnined 

°=   r-tf+.-iined 

10 

0 

20 

0 

30 

0 

40 

.10 

.051 

50 

2.15 

1.103 

60 

.96 

.41-1 

80 

12.57 

6.42 

100 

13.40 

6.B5 

200 

61.30 

31.350 

Passing  all 

106.35 

54.300 

Tot-^-l 

11-5.83 

100. 9 n 

Sand:-  The  sand  used  '\cis  a  fooci  torpedo  ob- 
tained from  Ihe  local  market.   The  r.Gchanical  analysis 
of  this  snnd  is  oot -.lined  in  table  III,  a  500  gram 
sample  beinj;  used. 

Taule  III 
Analysis  of  Sand 


Per  cent  Voids      'S.j 

..ei;-:j"it   pci"  c^.    i'^ 

. .  =  101.0,7 

Sieve   i:ies';;es   ^mr   in. 

j  rnras    retuinna 

retained 

10 

165.30 

33.50 

20 

'./5.10 

19.25 

30 

84.10 

17.00 

40 

60.60 

12.25 

50 

61.10 

12.38 

60 

12.45 

2.52 

80 

7.65 

1.55 

100 

3.00 

.61 

200 

2.00 

.40 

Passing  all 

3.t:o 

.53 

Total 

493.90 

99.99  J6 

^  X  100  =  30;. 


Voids  in  sand  (by  means  of  graduate  method) 

Trial  //I   Volume  of  water '30  cc 

Volume  of  sa.tiirated  mixture 195  cc 

°'  of  voids 

Trial  fj^2       Volume  of  water 60  cc 

Volume  of  saturated  mixture 20U  cc 

%   of  voids 

Value  of  30;.  used 


^  X  100=30.+  % 

^00 


stone:-     A  soft  cruahort  limestone   xras  used,    the 

voids   of  v/hich  wero    found   by  the   pail  method. 

Weight   of   pail  empty 11.. 72// 

••        "        plus   \v;vter 5G.02^ 

Difference So.SOj'/ 

Volume  of  pail        3o.30  _  5-j.q^<     cuoic    feet. 


u- 


Weight  of  pail  plus  crushed  stone o^.Zlfj 


II        II 


"  &  waterOe. 62^^ 
Weight  of  water 17.41# 

%  of  voids    ^44^     X  10Q  =  47.iJi5  %  or  4a  ;.> 
'  3o.3i^ 


Concrete:-     Computations   for  percentage  of 
ingredients. 

Voids   in  stone 48  % 

"   sand - 30  f, 

40^'  excess  of  mortar  over  the  voids  in  the 

stone  used. 

Cement   paste   has  O.b  the  volUine   of  dry  cement. 

Begin  with  100  parts   of   crushed   stone. 

:;o.    of  parts   of   laortar      .48  x  100   x  1.4=67.2  parts 

i/iortar»  sand   plus  cement. 

67. 2  =  S(  1—  . 3)+ S£- 3pJ  jc^liji 

.8 
53.76=.52aS+.3GS=.b88   S 

5=53/7,6=60.5   parts  of   sand. 
.880' 


JQjlL A  .'?.  Jk  k'-^  —  27.2  parts   of  cement. 
.8 

Cement  Sand  Crushed  Stone 

Parts     27.2  :  60.5  :  100 

1  :  2.22  :  3.08 


Computation  of  '.Veiphts  of  Ingredients. 

Weight   of   cylinders  assumed     lops'   each. 

Volume   of  c olumn -  ll/'^ .x  ...7054. ^x  10.  —  G.6  cu.    ft. 

14*4 
Weight  of   cclumn  =  o.o  x  150  =  ;90  lbs. 

1200  pounds  of  concrete  made  up  in  three   batches. 

Weight  of  cemsnt  per  cubic   foot 57f  (say  95^3^  net) 

"      stone     "  "  "       53.6 

"      snnd  "  "       101.6 

Cement  Sand  Stone 

By  vol.  1  2.22  3. 63 

Wt.    relative)      95^^^ li%Ji=1.07 %ii=.985 

to  cement  'wt)      ^^  ^^  '^ 

Therefore   by)      ^    ^^^^   ,^  2. 22=... 37 -.135x3.68=  3.62 

weight   )  

Proportions  for  400f*'  Batch. 

Cement 1 

Sand  2.37 

G.  S. 3.62 

6.99  or  7  parts. 

Cement  ^ -- --  57. 1# 

Sand    2.37  x  57.1= 135.0 

Stono   3.62  x  57.1=---  208.0 

400.1  lbs  of  concrete, 


In  mixing  each  oat.h  the  s'uid  -.ms  first  spread 
on  the  mixing  platform  and  the  ceinont  added  evenly  on 
top.   'i'he  sand  and  cement  were  thorouglily  rnixid  while 
dry  and  then  wnter  added  to  make  a  Tood  pl-ister  paste. 
The  stone  -.vns  adied  after  the  mortar  had  been  mixed  for 
ten  minutes  and  additional  water  used  to  make  a  good 
v;et  concrete  ■.•.hich  would  flow  readily  ai'ound  the  rein- 
forcing vathout  much  puddling.   The  \ray  in  '.vhich  the 
water  v.'as  added  played  an  important  part  in  securing  a 
uniform  consistency  throughout  the  batch.   The  cement 
wfs  carried  to  the  form  in  pails,  o  platform  being 
erected  to  facilitate  the  handling  of  sar.ie. 


Steel:-  The  vertical  steel  used  was  a  mild 
steel,  w'dle  the  steel  in  the  spiral  was   a  high  carbon. 
The  former  vfas  ^"   diameter  and  the  diameter  of  the  lat- 
ter was  .1751",  the  pitch  of  the  spiral  being  1"  and 
rigidly  held  by  snacing  bars.   Twc  inch  pieces  of  the 
vertical  steel  were  tested  for  comT)re3sion  and  4"  pieces 
of  the  spiral  steel  were  tested  for  tension.  Table  IV 
rives  t'".e  mechanical  analysis  for  the  tv/o  ntccls. 


Lenc-th 

Arefi  in 

Lead  at 

I.Iax.  load 

Stresses  v'- 

Ultir.-^te 

of  oar 

so.,  in. 

yield  pr.t. 

lbs. 

yield  rnt. 
lbs. /in. 

strenj^th 

ll's/sq.  in. 

Compression  2" 

.IV  75 

6400 

i'  ,  voo 

4L;,500 

4':,2?>0 

.2235 

b530 

11,400 

38 , 200 

51,000 

2 

.195d 

8400 

i::!,5oo 

42,850 

63,800 

Ir.neior  A 

.025 

1700 

Zbh(j 

6  Is  ft  00 

102,600 

Specimens, 
L^akinr,  Curing  and  Testing. 
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III  Specimens:-   Making,  Curing  and  Te sting. 


Auxiliary  Specimens. 
From  the  first  two  batches  of  concrete  mixed 
for  each  column,  a  7"  cylinder  v;as  made.   Tests  of  these 
cylinders  served  to  indicate  the  strength  of  the  concrete 
used  in  the  columns.   The  cylinders  were  left  under  the 
same  conditions  os  the  columns  nnd  those  made  at  the  time 
the  column  was,  were  tested  the  same  day  as  the  column. 
(34  days) 


moressive   Strengt 

h  of  Concrete  Cy 

Linders 

Colunn 

onecimens 
7"   X  16" 
cylinders 

Are   in 
doys 

I'odulus   of 
Elasticity 

Ultimate 

strength 

Ibs/sq.    in. 

1 

1 

34 

860 

1 

2 

34 

1110 

o 

3 

34 

1,940,000 

2127.9 

Columns. 
Forms:-   The  forms  were  made  octagonal,  of 
2"  stock  10'  long  and  beveled  to  form  an  octagonal  cyl- 
inder.  The  eirht  pieces  were  held  together  by  2"  x  4" 
timbers  bolted  together.   These  were  put  around  the  form 
as  shown  in  fig.  I  and  wedges  cut  in  to  moke  the  form 
as  tight  as  possible.  The  oottom  was  nailed  to  the  form 


and   sraill   nieces   of  wood    for   spacing:  the  vertical   rods 
placed.      \bout   o"   fron  the    oottorn  a  wed[3e   shaped  hole 
was  cut  to   enable  the   observer  to   set  the   rods   on  the 
small  wood    olocks.      A  scaffold  wa-;   built   around   the    fonr. 
and  the  latter  rigidly   fastened   to   it.      The   steel   rods 
for  the  vertical   reinforcing;  were  held   in  plnce  by   iron 
hoops  1/8"   X  3/3"   in  cross   section,    spaced   every   6"   of 
length.      In  the   spiral   reinforcinf:  the   vertical   rods 
were  fastened   to   the   spiral    lirectly,    hay  wire   being 
used   ar;d  ties  mode   rfvery   6". 

Making:-        In   fabric nting  the  two   columns, 
the   concrete  was   poured  in  from  a  pail  at  the   top. 
V/hile   the  column  "."is   being  poured   it  was  continually 
puddled,   both  inside  rrA  outside   of  tiie  reinforcing  to 
prevent   the   formation  of  pockets  and  blow  holes.      A  day 
or  tv;o   after  the   columns  were  made,    a  thin  coat   of  1:1 
mortar  was  applied  te  tlieir  top.      In  making  the   column 
with  the   spiral   reinforcing,    considerable   difficulty  v/as 
cncour.terc'l   ir.  kee-^ir.'-  t'.e   Ftfi.-l    ' r.  ■':':. p   crrtnr  of  the 
form. 

Curing:-  The  forms  were  removed  from  the  col- 
umns at  the  end  of  seven  days  and  then  they  were  allowed 
to  cure  in  the   open  air   for  27  days. 
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Testir.g:-        Af|;->r  C'!   r'rys,   the  columns   v.Bre  tested  in 
the  400,000  pound  Olsen  testing  machine   in  the   laboratory. 
The   column  v,as   put   in  the  machine   and  bedded   on  a  cast 
iron  plate  pt  the  top  and  bottom,    sheets   of  pciper  bein£ 
placed   between  the  column  and   the   plates   to    fill   up 
any  depressiO;'.8   in  the   surface.      The  column  was   loaded 
in  incremerts   of  10,000'  pounds.      The  cylinders  were 
tested  in  a  200,000  pound  Riehle  testing  muchine,    in- 
crements  of   20')0  pounds   being  used. 

Measurements   of   the  loni'itudinnl  defornation 
were  node    oy  means   of  compressometers,    v/hich  measured 
to  0.0001  of  an  inch.      The  compressometers  shown  in 
fig.    Ilia   ;ind  Illb  were  used,    tie   former   for  deform- 
ation;;  of  the  cylinders   and   the   latter   for  deformations 
of   the   columns,      i'or  use   on  the   coluir.ns,    four  bars  were 
fastened   on  the   column  about   three    feet   frora  the   top. 
On  opposite   sides   of  the  column  brass   rods  v/ere    fastened 
to   the   bars  and  insulated  by  means   of   fibre.      The   otlier 
end   of   t  .e   rods   formed  a  contact    for  u   dial   fa?tened   on 
another  set   of   oars   spaced  44  inches   below  the    first  set. 
The   instrument  has  a  vertical  scnle  divided  into  tenths 
of  nn  inch  and   tiicse   in  turn  are   divided   into    four  equal 


14 


parts,  making  e.-'ch  vertical  division  equal  to  l/40  of 
an  inch,   'ihe  wheel  or  dial,  v.'orked  by  a  verticHl  screw 
v.Tis  divided  ir.to  250  equal  r.artB  and   one  turn  of  it  cor- 
responded to  one  division  on  the  vertical  scale,  or 
1/40  of  an  incli,  rnpking  each  division  on  the  wheel  equal 
to  0.0001  of  an  inch.   Contact  v/00  assured  by  means  of 
a  bell  in  circuit  with  a  storage  battery.   After  each 
load  was  ai-,  rlied,  the  dial  en  one  side  was  read  and 
recorded,  then  the  dial  en  the  other  side. 

To  measure  the  deformation  of  the  spiral,  the 
shell  v.as  taken  off  near  tlie  center  for  about  a  foot, 
exposing  the  spiral  steel.   Gi^e  end  of  a  steel  tape  was 
soldered  to  the  spirnl  and  wound  around  five  times,  the 
other  end  being  held  taut  oy  means  of  a  spring.   A  tran- 
sit v-B-s  used  to  read  the  deformations,  but  ihe  spiral 
did  not  undergo  any  change  until  the  last  two  loads  were 
applied,  so  that  the  values  vrere  not  considered  trust- 
v/orthy  nnd  v.lll  not  be  reported. 


Experimental  Keaults  and  Discussion. 
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Discussion. 

I  Tests   of   7"  Cylinders. 

Log  sheet  III   contains  the   result  of  compression 
tests  made   on  tne   seven  inch  cylinders.      Ov/ing  to  mis- 
understanding,   two   of   t;:e  cylinders  were   tested    for 
ultimate   strength  only,    and  did   not   show  as   strong  as 
tae   Inst  one   tested  which  gave  an  average  nodulus   of 
elasticity   of  1,940,000   Ibs./s:;.    in.,   and  an  ultin.ote 
strength  of  2127  Ibs./sq.    in.      The   Inst  cylinder  tested 
seemed   to   be  aonornally   strong  in  comparison  vdth  the 
others,    ceing  almost   tv/ice  as   great  in  ultii.ij-ite   strength 
as   the  next  highest.      This  variation   L-eing  due   to   a 
great  extent  to   tue   fact  that  the   load   \ms  given  a  rest 
of  a  few  .-ainutes  to   give   time  to   read   trie   compressometer 
whereas  in  the  other   the  load  v/as  applied  until  rupture 
occurred.      The   break  in  t:.e   cylinders  was  diagonal,    run- 
ning  from  top  to    oottom. 

II  Test  of  Longitudinally  Reinforced  Column. 
When  tested,    the  column  shov;ed  itself  to    je  very 

stiff   for  a  load  aoout   2/3   of  its  ultimiite   strength, 
v/hen  the   shell   begnn  to   peel  nt  the  bottom,    which  to- 
gether with  the  deformations  indicated  tiiat  the  yield 
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point   of  t/.e   steol  had   been   reached.      At   tliis   point, 
however,   owinc  to   the  inauf Ticient   support  offered  by 
the   v/idely   separated  bands,    it    oegnn  to   fail.      The   re- 
inf orceiaent   failed    by  bucklinj;  as   Siiov.Ti  in   ii(-'.   II, 
v.'hile  "the   concrete    failed  in   the   s-une   vra,y  as  it  did   for 
the  cylinders,    that   is,    diagonally.      T;ie  data   for  this 
column  in  contained   in  lop  shoet  I. 

Test   of  Column  with  Longitudinal   and  Spiral  Reinforcing. 

This   column  shov;ed  a  very  narked   increase   in  stiff- 
ness  over   the   preceding;  column,    tlie  de forination   for  the 
snrne   load   beinp  a^out   one   third  to   one   half  that   of   the 
column,    vith  just  the   lon.ritudinal   reinforcing.      At   half 
load,    the   colurrji  began  to   spall  at  tlie   top,    but   this  was 
due   to   the   concave   surface   v/h;  ch  had   been   filled  vath 
Plaster   of  Paris,   making  the   edges    ori-tle.      At   7/6   of 
the  ultimate   lond,    the  column   bego.n  to   spajl  at  the  bot- 
tom,   and   failed   n±  310,000  lbs.    oy   the   breaking  of   tlie 
first  hoop  at  the  top.        As   t.ie   loa^i  was  kept    on    the 
column,    the    first   five   spirals  at  the  top  gave  way  in 
the   follov.dnr  fifteen  minutes  nnd  the   protecting  shell 
began  to   spall  near  the   center. 


Conclusions. 
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Conclusions. 

1.  The  plain  concrete  cylindnr  liwd  an  average 
modulus  of  elasticity  of  1,940,000  los./in. '''  and  an 
ultimate  stren[:th  per  sq.  in.  of  2127  pounds.  Althou<;h 
the  cylinder  shov/ed  up  exceptionally  stroni;  under  prac- 
tical working  conditions,  the  liability  of  variations 
in  strength  ni.d  eccentricity  nmke  the  use  of  a  low 
vv-orking  stress  necessary  for  such  a  brittle  material. 

2.  The  vertical  reinforcint;  in  the  first  col- 
umn did  not  seem  to  nid  the  strength  of  the  column  at 
all.   In  fact  the  ultimate  strength  u-as  belov/  that  of 
the  plane  concrete  cylinder. 

3.  The  double  reinforcing,  3r)iral  and  vertical, 
was  the  only  one  ti.at  seemed  to  effect  the  strength  of 
the  column.  The  deformations  v/ere  siaall  in  comparison 
to  the  first  column,  and  although  the  shell  peeled  off 
at  a  load  of  203u  pounds/sq.  in.,  the  column  continued 
to  hold  up  a  load  twice  ns  great  or  41£''.- •bs./in.'" 

4.  The  spiral  reinforcing  kept  tia-  vertical  re- 
inforcing from  bulging.   The  latter  auded  to  tlie  stif- 
fening of  the  column  until  the  yield  point  was  reached, 
when  the  stress  was  taken  up  by  the  spiral  reinforcing. 
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The   spiral   reinforcing  did  not   shov/  any  deforms-tion  un- 
til  7/8  of   the  ultiirjate   load  vmB  applied,   which  tended 
to   siiow  that   the   concrete   v.-iis  dense  and  compact. 
5.  The   concrete  was   free   from  air  pookets   and 

blow  holes,    and   in  ruptuidng,    tne   sxones  were   sneared 
off  clean,    shov.lng  a  good  compact  and  dense  mixture  with 
a   good    oond.      From  t.-ie   results  ootained,    the  conclusions 
can  be  drawn  tiio.t  the  longitudinal  reinforcing  is   of  no 
aid  in  the   strengthening  of   columns   outside   of  adding- 
to   f.:e   stiffness,    whereas  tne  addition  of  spiral   rein- 
forcing more   t;a.n  doubled   the   strength  of  the   former, 
and   as   the  ultimate   strength  was  twice   tliat  at  t'ae  time 
of   siDalling,    it   shows  that  the   failure  was   slow  in  com- 
parison to   '^.he   vertical  reinforced  column. 
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#1  Log  sheet  for  longitudinal  rainforced  concrete  column. 
Original  dinmetor  -  10" 
Original  area  -  78.54  sq.  in. 
Length  under  measurement  -  44". 
Length  of  column  -  10'-)". 


Liodulus  of 

Lc 

)ad 

UoMpressoraeter 

•ieadings 

Conpro 

n3ion 

''^Insticity 

Actual 

"er  sq  i.-. 
P 

L. 

R. 

Mean 

Actual 

Per  in. 

^-i 

P 

.44^2 

.2511 

.3562 

0 

0 

0 

12*^.3 

0 

10000 

.4454 

.2928 

.3641 

.0079 

.00018 

707250 

20000 

254.6 

.4433 

.2945 

.3717 

.0155 

.0'^035 

727400 

30000 

381.9 

.4520 

.2963 

.3742 

.0180 

.00041 

939000 

40000 

509.2 

.4560 

.2961 

.3761 

.0199 

.00045 

1132000 

50000 

636.5 

.4596 

.2972 

.3784 

.0222 

.00050 

1273000 

60000 

763.8 

.4623 

.2955 

.3789 

.0227 

.00052 

1468000 

70000 

391.1 

.4: 6  5 

.2953 

.3809 

.0247 

.00056 

1590000 

80000 

1018.4 

.46<:2 

.2954 

.3323 

.0261 

.00059 

1726000 

90000 

1145.7 

.4751 

.2955 

.3853 

.0291 

.00056 

1736000 

100000 

1273.0 

.4815 

.2955 

.3585 

.0323 

.00074 

1707000 

llOOOC 

1400.3 

.43o3 

.2956 

.3923 

.0360 

.0;  '82 

1707000 

120000 

1527.6 

.4250 

.  2946 

.3948 

.0386 

.0')08d 

1736000 

130000 

1654.9 

.5033 

.2945 

.3992 

.0430 

.00093 

1687000 

140000 

1782.2 

.5137 

.2962 

.4050 

.0438 

.00110 

17£2.:00 

149200 

1896.8 

Average  1420900 
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ji^II     Log  sheet    for   spirnl  and  lonf^itudinal   reinforced  coiicrete   columns 
Orij-innl  diameter  -   10" 
Original  area     -   73.54  sq.    in. 
Length  under  measurement  44". 
Length  of  column  10'    -  0" 


Lend 

Conpresc 

oiae  ter  Readings 

Coj.-ipression 

l.'ouulus  of 

Elasticity 

• 

Spiral 

Actunl 

Far  sq  in. 

L. 

n. 

I'e-'in 

/vctur'l 

Per  in. 

e 

Expansion 

P 

r 

- 

0 

0 

0 

. 

. 

0 

10000 

254.6 

.1495 

.1898 

.1097 

.. 

. 

0 

20000 

381.9 

.1502 

.1906 

.  1704 

.0007 

.000016 

23870000 

0 

30000 

5^30.1 

.1514 

.1922 

.1718 

.0021 

.000040 

11670000 

0 

44000 

763.8 

.1530 

.1935 

.1733 

.0036 

.000031 

7858000 

0 

50000 

891.1 

.1548 

.1950 

.1749 

.0051 

.000116 

6584000 

0 

50000 

1018.4 

.1=.G4 

.1968 

.1766 

.0069 

.000157 

5  6300 '-'O 

0 

70000 

1145.7 

.1581 

.1970 

.1780 

.0063 

.000139 

5390000 

0 

30000 

1273.0 

.1597 

.1985 

.1791 

.0094 

.000214 

5353000 

0 

90000 

1400.3 

.1515 

.2005 

.1811 

.0114 

.000260 

4890000 

0 

100000 

1527.6 

.1534 

.2021 

.1323 

.0131 

.000300 

4  568000 

0 

110000 

1G54.S 

.1555 

.2035 

.1345 

.  0148 

.000233 

4520000 

0 

120000 

17b2.2 

.1662 

.2056 

.18S9 

.0152 

.000345 

4780000 

0 

130000 

1909.5 

.1537 

.  2080 

.1384 

.0137 

.000425 

4130000 

0 

140000 

2036.8 

.1702 

.2085 

.1892 

.0195 

.000443 

4310000 

0 

150000 

2164.1 

.1727 

.  2128 

.  1928 

.0231 

.nfi0525 

3870000 

0 

1 60000 

2291.4 

.1745 

.2145 

.1945 

.0243 

.000564 

3336000 

0 

170000 

2413.7 

.1775 

.  2160 

.1963 

.0271 

.000620 

3  690000 

0 

180000 

2546.0 

.1805 

.2173 

.1939 

.OC0664 

3640000 

0 

190000 

2673.3 

.1330 

.2192 

.2011 

.C314 

.000714 

3  •- 64000 

0 

200000 

2000.6 

.1363 

2220 

.  2042 

.03.15 

.000734 

3410000 

0 

210000 

2927.9 

.1907 

.2253 

.  2030 

.0363 

.000870 

?'.loOOO 

0 

220000 

3055.2 

.1958 

.  2235 

.  2122 

.0425 

.000966 

3030000 

c 

230000 

3182.5 

.1995 

.2308 

.2152 

»0455 

.001034 

2950000 

0 

240000 

3349.0 

.20?0 

.2335 

.  2133 

.0436 

.001105 

2380000 

0 

250000 

3437.1 

.  2039 

.2333 

.0539 

.001225 

2734000 

0 

250000 

3564.4 

.2210 

.2/87 

.2299 

.0502 

.001370 

2510000 

0 

2  7''}  000 

3691.7 

.2335 

.  2427 

.2381 

.0684 

.001556 

2230000 

5 

230000 

3819.0 

.2550 

.2470 

.2514 

..0517 

.001B60 

1930000 

4 

290000 

4193.3 

.2835 

.2447 

.  2641 

.0944 

.002145 

1730000 

7 

300000 

11 

310800 
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jflll     Log  sheet   for   7"  concrete   cylinder 
Original  diameter  -   7" 
Original  area  -   38.46  sq.   in. 
Length  under  measurement  -  12" 
Length   of  cylinder  -   16-^" 


Ij 

oaQ 

•^O.-./i-ir 

^^or.eter 

ve-ai  iu^s 

Cor. 

ror;-.;  on 

'  oiu^ . 

'■ 

if.  ir.t';-. 

ss 

ii 

:  inches 

ElDsticitj 

:'.ctual 
P 

Per  5q  In 
P 

L. 

R. 

l.iean 

Actual 

Per  In. 

0 

0 

.7900 

.  5000 

.6450 

0 

0 

1200 

31.] 

.7900 

.  5000 

.6450 

0 

0 

200C 

51.9 

.7902 

.5003 

.64525 

.00025 

. 00002 

2595000 

4000 

103.6 

.VC02 

.5005 

.6454 

.0004 

.000033 

3120000 

6000 

155.7 

.7C00 

.5022 

.  6461 

.0011 

.000091 

1715000 

0000 

207.6 

.7904 

.5029 

.64665 

.00165 

.000137 

1510000 

10000 

259.5 

.7903 

.5031 

.6467 

.0017 

.0',014 

lc50:.00 

.12000 

311.4 

.7902 

.5035 

.64685 

.00185 

.00015 

207CCC.G 

14C00 

3c3.3 

.7398 

.5040 

.6469 

.0019 

.00016 

2 2 70 000 

15000 

415.2 

.7896 

.5048 

.6472 

.0022 

.00018 

2300000 

18000 

467.1 

.7897 

.5064 

.64805 

.00305 

.00025 

187C000 

20000 

519.0 

.7899 

.5078 

. 64885 

.00365 

.00032 

1520000 

22000 

570.9 

.7905 

.5090 

.64975 

.00475 

.00039 

1455000 

24000 

622.8 

.7905 

.5090 

.64975 

.00475 

.00.  ,'3  9 

1595000 

26000 

674.7 

.7915 

.5087 

.  5501 

.00501 

.  0''042 

160 5000 

26000 

726.6 

.7913 

.  5113 

.6513 

.00630 

.0;052 

1395000 

30000 

776.5 

.7924 

.5104 

.6514 

.0064 

.00053 

1465000 

32000 

030.4 

.7912 

.5106 

.6510 

.0060 

.0  'SO 

1660000 

34000 

882.3 

.7928 

.5107 

.65175 

.00675 

.0  054 

1635000 

35000 

934.2 

.7885 

.5117 

.6501 

.0051 

.00042 

2220000 

38000 

986.1 

.7882 

.5119 

.65005 

.00505 

.00042 

2345000 

40000 

1038.0 

.7880 

.  5123 

.65015 

.00515 

.00042 

2450000 

42000 

1089.9 

.7860 

.5133  ■ 

. 65065 

.00565 

.00047 

23200  0 

44000 

1141.8 

.7880 

.5138 

.6509 

.0059 

.00049 

23300v^0 

46000 

1193.7 

.7877 

.5145 

.6511 

.0061 

.00051 

2340000 

48000 

1245.6 

.  7880 

.5157 

.65185 

.00585 

.00057 

216000C 

50000 

1297.5 

.7872 

.5178 

.6525 

.0075 

,00062 

2090000 

52000 

1349.4 

.7870 

.5166 

.6528 

.0078 

.00065 

2075000 

54000 

1401.3 

.7878 

.5210 

.  u544 

.0094 

.00078 

179500C 

56000 

1453.2 

.7872 

.5208 

.6540 

.0090 

.00075 

1935000 

58000 

1505.1 

.7870 

.5212 

.  6541 

.0091 

.00076 

19 800 00 

60000 

1557.0 

.7872 

.5220 

.  6546 

.0096 

.00080 

19450C0 

52000 

1603.9 

,7858 

*5224 

.  0541 

.0091 

.00076 

2180000 

64000 

1530.8 

.7857 

.5240 

.65485 

.00985 

.00082 

2025000 

65000 

1712.7 

.7'J54 

.5253 

.55535 

.01035 

.0'-O36 

1995000 

68000 

1764.6 

.7845 

.5274 

.65595 

.01095 

.00091 

1935000 

70000 

1815.5 

.7830 

.5290 

.6560 

.0116 

.00096 

1890000 

72000 

1358.4 

.7823 

.5316 

.65695 

.01195 

.00095 

1873000 

74000 

1920.3 

.7820 

»  0  o  u  (V 

.5536 

.013  5 

.00113 

1685000 

76000 
78000 
80000 

1972.2 
2024.1 
2076.0 

.7815 
,7802 

.5366 
.5396 

.01405 
.0149 

.00117 
.00124 

1675000 
1620000 

-  .-  -> .  >  ^  ^ 

Average 

1940^-'  \ 
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§VJ       Lop  sheet   for   Spiral  Reinforcing 

Original  Average  Diameter  -      .1761" 
Original  Average  Area  -      . 0243513  sq.    in. 
Length  under  measurenent  -  4" 


Load 


Extensometer  Readings 


Extension 


..'cci^lua  01 
Elasticity 


Actual 


'^er  Sq  In, 


.,ev:a 


i\c  t.inl 


Per  In 


P 


150 
400 
600 
800 
1000 
1200 
1400 
1500 
1600 
1700 
1800 
ISOO 
2000 
2100 
2200 
2300 
2400 
2420 


6170 
20520 
24640 
32880 
41080 
49280 
57600 
61500 
65800 
59800 
74000 
78000 
82200 
86400 
90400 
94400 
98800 
99600 
102600 


.0043 
.0067 
.0090 
.0108 
.0129 
.0152 
.0182 
.0194 
.0210 
.0230 
.0247 
.0277 
.0294 
.0328 
.0369 
.0430 
.0514 
.0545 


.0CG3 

.0097 

.0124 

.0150 

.0177 

.0200 

.0224 

.0253 

.0243 

.0277 

.0280 

.0314 

.0333 

.0372 

.0422. 

.0480 

.0560 

.0660 


.0053 
.0082 
.0107 
.0129 
.0153 
.0176 
.0203 
.0214 
.0230 
.0253 
.0263 
.0295 
.0313 
.0350 
.0395 
.0455 
.0537 


.  fjooe 

.0037 
.0062 
.0034 
.0108 
.0131 
.0158 
.0169 
.0135 
.02&B 
.0218 
.0250 
.0268 
.0305 
.0350 
.0410 
.0492 
.0557 


.00010 
.00046 
,00077 
.00105 
.00135 
.00164 
.00198 
.00211 
.00231 
.00260 
.00272 
.00312 
.00335 
.00381 
.00438 
.00512 
.00615 
.00696 


olVCCO'JO 
44600000 
32000000 
31300000 
3040^000 
30000000 
29100000 
29200000 
26500000 
26bOOOOO 
27200000 
25000000 
24500000 
22700000 
20600000 
18400000 
15050000 
143 'DC 00 


'Itimate  Strength  102,500  lbs.  per  so. 


j}V       Loc  Sheet   for  "erticnl  R-^inforcir.fr,    Sanplo  I.'o.   I, 
Original  Averace  Diarnoter  -      .50145" 
Original   Average  Area       -        .19745   sq.   in. 
Length   und3r  !>iTire'".cr.-t      -      :.■"' 


..ad 


C  oniiore  c  f;  or.e  te  r 


Corr.nression 


:!odulus  of 
iClnstic  1 '  • 


.CXUti 


r  oq 


0 

GOO 
2500 
3750 
4850 
5700 
6430 
7050 
7600 
7950 
8320 
8500 
8400 
8500 
8450 
8400 
8430 
8450 
8450 
b650 
C 
c;::50 
8950 
9300 
9700 


0  2.0555  2.0570 

3040  .0551    .0570 

13200  .0545    .0560 

19000  .0542    .0552 

24600  .0540    .0549 

29000  .0539    .0543 

32600  .0535    .0541 

35800  .0531    .0540 

38600  .0530    .0539 

40300  .0529    .0539 

.0499    .0523 

43100  .0488    .0509 

42500  .0475 

4310C  .0460 

42750  .0447 

42500  .0428 

42700  .0390 

42750  .0311 

43300  .0202 

43800  .0080 
ompres8or.eter   Rei^oved 

43900  1.9520 

45500  1.951 

47250  1.925 

49250  Failure  by  bending 

Ultin:<,te  Strength 


.0460 
.0432 
.0398 
.0351 
.0289 
.0160 


.0562 

.0561 
.0552 
.0547 
.0545 
.0541 
.0538 
.0535 
.0535 
.0534 
.0510 
.0498 

.0460 
.0454 
.0443 
.0771 
.0300 
.0181 


0 

.occ: 

.0010 
.0015 
.0017 
.0021 
.0024 
.0027 
.0027 
.0028 
.0052 
.0064 

.0102 
.0108 
.0119 
.0191 
.0262 
.03ol 


0 
.000049 
.000490 
.000732 
.000830 
.001025 
.001170 
.001320 
.001320 
.001370 
.002540 
.003120 

.004930 
.00^)270 
.005610 
.009320 
.012800 
.018600 


60800000 ( 

26900000 

2  60000 'X) 

29600000 

2B."00000 

27800000 

27100000 

29400000 
16600000 
13 t 00000 

8730000 
8120000 
7310CC0 
4575000 
3340000 
2320000 


Divider  Readiut-is 


.046 
.049 
.075 


.0240 
.0245 
.0375 


49,250   lbs, 


?er   sq.    in. 


1830000 
1860000 
1260000 


f^VI       Log  Sheet   for  Vertical  Reinforcing,    Snmple  No.    II 
Original  Average  Diajneter     -      .4986" 
Original  Average  Area     -      .2235   sq.   in. 

Length  under  Lleasureraent     -      2" 


!.lodulua  of 

Load 

C 

ornpreGGom 

3tor 

Compre 

ussier. 

Klasticity 

Actual 
P 

Per  Sq  Ir 

F 

T 

R. 

Uean 

Actual 

Per  In. 

e 

50 

2.0615 

2.0671 

2.'0643 

600 

2685 

.0616 

.0669 

.0642 

.0(XJ1 

.0'j004b 

56000000 

1050 

4700 

.0615 

.0668 

.0641 

.0002 

.000C96 

49000000 

1900 

8500 

.061^ 

.0660 

.0637 

.0006 

.000288 

29500000 

?300 

14800 

.0510 

.osr^o 

.0630 

.0013 

.000630 

23500000 

4450 

19900 

.0608 

.0647 

.0627 

.0016 

.000775 

25700000 

5450 

24400 

.0604 

.0640 

.0622 

.0021 

.001020 

23900000 

6300 

28200 

.0601 

.0640 

.0620 

.0023 

.001115 

25300000 

7250 

32400 

.0600 

.0639 

.0620 

.0023 

.001115 

29100000 

7650 

34200 

.0592 

.0639 

.0616 

.0027 

.001310 

26100000 

7750 

34700 

.0590 

.0639 

.0614 

.0029 

.001405 

24700000 

8100 

36200 

.0588 

,0634 

.0611 

.0032 

.001550 

23400000 

8350 

37400 

.0584 

.0625 

.0604 

.0039 

.001890 

19800000 

8530 

38200 

.0576 

.0600 

.0568 

.0055 

.002665 

14300000 

6650 

38700 

.0560 

.0558 

.0559 

.0084 

.004070 

9  510000 

3350 

37400 

.0560 

.0558 

.0559 

.0084 

.004070 

9  200000 

8600 

3840C 

.0542 

.0525 

.0533 

.0110 

.005330 

7200000 

8350 

37400 

.0541 

.0525 

.0533 

.0110 

.005330 

7025000 

8530 

38200 

.0511 

.0482 

.0496 

.0147 

.007120 

5370000 

6350 

37400 

.0511 

.0482 

.0496 

.0147 

.007120 

52C0000 

8580 

38400 

.0470 

.0435 

.0452 

.0191 

.009250 

4160000 

8350 

37400 

.0469 

.0432 

.0450 

.0193 

.009340 

4000000 

8700 

38900 

.0390 

.0349 

.0369 

.0274 

.013300 

2930000 

£350 

37400 

.0388 

.0347 

.0367 

.0276 

.013380 

2800000 

8650 

38700 

.0300 

.0252 

.0276 

.0367 

.017780 

2180000 

8350 

37400 

.0297 

.0251 

.0274 

.0369 

.017650 

21OG000 

8750 

39200 

.0184 

.0i44 

.0164 

.0479 

.023200 

1690000 

Divi 

der  Read 

ings  betw 

een  origii 

lal  2  poi 

ate 

8750 

39600 

1.97 

.03 

.015 

26400GC 

89BC 

39900 

1.95 

.05 

.025 

1600000 

11400 

51000 

Ultima 

te  Strong 

th  51,000 

lbs.  per 

sq.  in. 
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#VII  Log  sheet  for  Vertical  Reinforcing,  Sanple  Ko.  3. 
Original  Average  Diameter  -  .4993" 
Original  Average  Area  -  .1958  sq.  in. 
Length  under  measurement  -  2"  . 


L 

oad 

Compressoxeter 

Compression 

LloduluS  of 

r.lasticity 

Actual 
P 

Per  sq  in 
,P 

R. 

Mean 

Actual 

^'er  in. 

E=P 
e 

180 

2.0638 

2.0580 

2.0609 

jy>'')0 

890 

4550 

.0638 

.0576 

.0607 

.0002 

.000097 

46900000 

2300 

11750 

.0637 

.0566 

.0601 

.0008 

.000366 

303000gO 

3500 

17880 

.0635 

.0560 

.0597 

.0012 

.000582 

30700000 

4600 

23450 

.0630  . 

.0558 

.0594 

.0015 

.000727 

32300000 

5400 

27600 

.0628" 

.0555 

.0591 

.0018 

.000872 

31700000 

6170 

31500 

.0624 

.0540 

.0582 

.0027 

.001310 

240G0000 

7050 

35000 

.0615 

.0505 

.0562 

.0047 

.0022c0 

15800000 

7350 

37600 

.0618 

.0490 

.0554 

.0055 

.002670 

14100000 

7800 

39800 

.0611 

.0465 

.0536 

.0071 

.003440 

11580000 

8150 

41650 

.0600 

.0419 

.0509 

.0100 

.004650 

86000 :o 

8300 

42400 

.0550 

.0355 

.0452 

.0157 

.007610 

5560000 

8200 

41850 

.0528 

.0323 

.0425 

.0184 

.008920 

4700000 

8  400 

42850 

.0450 

.0260 

.0365 

.0244 

.011840 

36200CIG 

6300 

42350 

.0455 

.0245 

"355 

.0245 

.012320 

3440000 

8380 

42750 

.0410 

.0240 

.0325 

.0264 

.013800 

30950:0 

8400 

42850 

.0350 

.0187 

.0268 

.0341 

.016540 

2590000 

8420 

43000 

.0285 

.0127 

.0206 

.0403 

.019550 

2200000 

8700 

44400 

.0224 

.0067 

.0145 

.0464 

.022500 

1975000 

8900 

45500 

.OICO 

.0027 

.0108 

.0501 

.024300 

1870000 

Extei 

isoir.etcr  R 

amoved 

" 

12500 

63800 

IJaxinun 

Ultir 
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